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sc OP 13 
T h i s  r e p o r t  c o v e r s  w o r k  p e r f o r m e d  d u r i n g  the  p e r i o d  S e p t e m b e r  
10 t o  Oc tobe r  9,  
SRI  P r o j e c t  A S D - 5 0 4 6  unde r  J P L  Con t rac t  No. 950745. 
1966 on  “ P o l y m t % r s  f o r  S p a c e c r a f t  H a r d w a r e ,  “ 
T h e  p r i m a r y  ob jec t ives  of th i s  1) rogram a r e  to  a s s i s t  t he  J e t  
P r o p u l s i o n  I a b o r a t o r y  of th(b Ca l i fo rn ia  Institute. of T(achrio1ogy in 
thcx examina t ion  of p o l y m e r i c  r n a t e r i a l s  to b e  used  in  connec t ion  
w i t h  J P L  s p a c e c r a f t s ,  and  to  p rov ide  a s tudy  of t he  e f f ec t s  of 
s im ul a t e d spa c e c r a f t  e nvi r onni e nt on  s e 1 e c t e d c o rnm e r c i a  1 p o 1 yn? e r i c 
produc t s .  
of w o r k  to  be p e r f o r m e d  a r e  spec i f i ed  by the  J P L  Cognizant  F:ngineer. 
The  m a t e r i a l s  antl 1)roducts  to  b e  s tud ied  and  the  ex ten t  
W O R K  P E R F O R M E D  
Vo 1 at i 1 e C o n  d en  s a b  1 e A I  a t  e r ia 1 
l l i c  ro-  V C M  
M a x i m u m -  V C M  and t o t a l  we igh t - lo s s  r e s u l t s  ob ta ined  wi th  the  
m i c r o - V C M  a p p a r a t u s  ar ts  rcporte.rl in T a b l e s  I to  V for  a s e r i e s  
of p ro tec t ive  coa t ings ,  w i r e  e n a m e l s ,  s e a l s  and g a s k e t s ,  and  t h e r m a l  
coa t ings .  A r ev iew of t h e s e  da t a  ind ica t e  tha t  t he  m o s t  popular  t h e r -  
mal coa t ings  for  s p a c e c r a f t  u s e  cannot  m e e t  t he  sugges t ed  s t a n d a r d s  
of l ess  than  1% w e i g h t - l o s s ,  c o m b i n e d  wi th  l e s s  t han  0.  17’0 V C M  
( s e e  M. It. No. 23) ,  antl tha t  a l m o s t  a n y  Viton f o r m u l a t i o n  is s u p e r i o r  
to  o t h e r  e l a s t o m e r s .  A s  a whole, the  w i r e  e n a m e l s  look l ike  su i t ab le  
cand ida te s  f o r  s p a c e c r a f t  u s e ;  however ,  it m u s t  b e  r e m e m b e r e d  tha t  
t he  weight  of p o l y m e r  i s  bu t  a f r a c t i o n  of t h e  weight  of b a r e  w i r e  p lus  
po 1 y m  e r . 
( 2 3  !ir at 125c'  C; ant1 1 0 -  t o r r )  
(5 -C \1  c-ollrbctor l,lat(ss at  L 5 L j  C) 
To ta l  JVt. 
-__-. - ~- - - .- 
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1 Dory1 B109-4  i l'{I?I 1 Dory1 B109-5  1 ii"E1 0.14 
::PTI, P r o d u c t  Techniquvs ,  Inc. 
W E I, 
:)::<2) Condit ioned in  507' humidi ty  for  2 4  h r  p r i o r  t o  in i t i a l  weighing  
W e s t i n  g ho u s t' 14; 1 e c t r i c C o r po r a t  ion,  In s u la  t i n g Mat  e ria 1 s Di vi s ion  
a n d  s t o r e d  in  d v s i c c a t o r  for 30 m i n u t e s  p r i o r  t o  f inal  weighing.  
3) C u r e d  20 m i n u t e s  a t  93OC.  
4) C u r e d  2 h r  a t  2 5 0 O C .  
I 1 I I I I ' Xfagnet w i r e  , 
TABLE: I1 
lzil i c r o - V C  hl De t e r In i na t ion s : W i r e E n a m  e 1 s 
( 2 4  h r  3t  125O C and  t o r r )  
(VCA,I co l l ec to r  p l a t e s  a t  25O C) 
I 
I 
~ 1 1 ,2  
~ 
I I I P o l y u r e t h a n e  ~ 
Llagnet w i r e  , 
I 
I 1 0 . 0 9  , I 0 . 1 3  1 1 , 2  1 I ~ GKLV 1 0.22 I 1 (AWG-22)  
1 __ 
:::::: 1) A s  r e c e i v e d .  
2 )  Condit ioned i n  SO'$, humitlity for 2 4  h r  p r i o r  to in i t i a l  weighing  
a n d  s t o r e d  in  d e s i c c a t o r  for 30 m i n u t e s  p r i o r  to  f inal  weighing.  
2 
hfa t t  r id1  
__--__ - 
1.1 n y 1 i de ne  1 1 uo r 1 d c' - 
71 t' x a f 1 u o r o 11 r o 1 > )I 1 e n c 
1 7 1 t ~ ~ l  A-1-11 I A- 776 
Viton A 4 4 1  1A-777 
Vi ton  A 4 4 1  l A-778 
E u t y l  
Si 1 i c on? 
SI5 
0 . 2 9  
0 . 2 7  





0 . 0 5  I 0 . 2 4  
0 . 0 3  I 0 .24  
0.01  0.34  
0 .31  1.34 
0. i 2  0 .43  
TABLE I V  
h1 ic r 0-  V C  hl D e t e r m i n a t i o n s  : T a p  e s 
( 2 4  h r  a t  125'C and  l o - "  t o r r )  
( V C h I  co l l ec to r  p l a t e s  at 25O C )  
Ma t e r i a 1 Llfr .  :: 
Sco tch  T a p e  #852 M E 
Sco tch  T a p e  ff852 X l L E  
P o l y e s t e r -  g l a s s  
Sco tch  T a p e  # 2 7  
Scotch Tape #27 
F l u 0  r oc  a r b o n  
Ribbon Dope #520 
Ribbon Dope it520 
M hl E 
XlhlE 
P 1.; I i  





0. 07  
0.  00  
VCLI, -- -~ 7 I Noncondensab le  
wt-qi 1 \Yt. J - O S S ,  70 
__ __ __- 
0. 70 0 .  93 
0 .  40 
2.  27 
2.  29 
I 
~ 0 . 0 2  
, 
0 .  00 
I 
0. 17 
3 .  81 
2. 08 
0. 05  
0.  00 
~:'blblE, 3M Company,  
P E R ,  P e r m a c e l  
Adhesivtas, Coat ings ,  and Sealers  Div ison  
2)  Condit ioned in  5070 huiriitlity i o r  2 4  h r  p r i o r  t o  in i t i a l  weighing  
arid s t o r e d  in  d e s i c c a t o r  for 30 Ininrites p r i o r  t o  f ina l  weighing.  
3) P o s t c u r e d  2 4  h r  a t  1500 C. 
4) T h i s  t a p e  wil l  be  c l a s s i f i e d  a s  a s e a l a n t  i n  a f o r t h c o m i n g  s u m m a r y  
r e p o r t .  
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TABLE V 
~1 i c r 0 - v c hl De t e r m i ria t i  on s : 'r he  r I n  a 1 Coa t ings  
( 2 4  h r  a t  125OC a n d  I O - "  t o r r )  
(VChl  co l l ec to r  p l a t e s  a t  2 5 O  C) 
hlat  e r i a l  
A 1 k y d , rn o tl i f i e d 
Opt ica l  B l a c k  10 1 - C 10 
Opt ica l  B lack  101-C10 
Epoxy 
C a t -  A -  Lac F la t  B l a c k  
463- 1-8 
Ca t -  A-  L a c  F l a t  B l a c k  
463- 1-8 
Ca t -  A- L a c  C l e a r  473- I 
C a t - A - L a c  C l e a r  473-1 
C a t - A - L a c  White  G loss  
443- 1 - 500 
Ca t -  A- L a c  White  Glos:  




\ I L I A  
7 P C  
E'P c 
F P C  
F P C  
F P C  





0 .38  
25 .48  
1.00 
15.79 
0 . 8 6  
__- 
VChl, 
w t - 5, 
1.12 
0 . 2 5  
-~ __ 
1.52  
0 .23  
3.30 
0.82 
0 . 9 5  
0.52 
No n c o nd e n s ab 1 e 
Wt. Loss ,  7" 
4.44 
0 .32  
~ .- 
11.48  
0 .15  
22.18 
0.17 
14 .74  
0 .34  
>::LlLIA, 3 h l  Company,  Aclhesivcs, Coat ings ,  and  S e a l e r s  Divis ion 
F P C ,  F i n c h  Pa in t  a n d  Chein ica l  Company  
':'::: 2) Condit ioned a t  50% humidi ty  f o r  24  h r  p r i o r  to  in i t i a l  weighing  and  
s t o r e d  i n  d e s i c c a t o r  for  30 m i n u t e s  p r i o r  t o  f ina l  weighing. 
3) C u r e d  2 4  h r  at 25OC.  
4) C u r e d  24  hr at 150° C. 
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i 
Xlacro-  Y C h l  
’The curr-tsnt s c r i v s  of rriacro- VChl d e t e r m i n a t i o n s  i s  n e a r  coni-  
p le t ion ;  I n a t e r i a l s  1ir:ing examined  a r e  Lexan  1 4 1 -  1 1 2  ( p o l y c a r b o n a t e  
p l a s t i c ) ,  J P I < -  1002  (polyurts thane cotiforriial c o a t i n g s ) ,  
( e p o x y  a ( lhes iv ( , ) ,  I:cc.obond 56C/’9 (s i lvtbr-  ( .posy s o l d e r ) ,  I-Iexcel 
HP\IM (po1yestc.r  honctycorrib c o r e  s t r u c t u r e ) ,  a n d  T h e r m o f i t  R N F -  100 
(irratliatca(I 1)olyolcfin s h r i n k a b l e  tubing) .  ‘The d a t a  obta ined  thus  far 
a r e  in  goocl agreern t .n t  w i t h  the p r e v i o u s l y - d e t e r m i n e d  ni ic  r o -  V C I I  
r e s u l t s .  
Epon Y O 1  / €3- 3 
It has bc t n r l t ~ n i o n s t  ratc.rl thdt  the hone,) c o m b  c o r e  s t r u c t u r e ,  E-Iexcel 
H h l H ,  
( f l a t t ens )  i n  the  t h v r m a l - v a c u u m  environrnvnt .  
w a s  noted for  the  m a t e r i a l  when i t  w a s  h( ,a ted to  150° C i n  a i r .  ) 
i s  t i o t  ‘1 su i t ab le  IlldtCridl f o r  s p a c e c r a f t  u s e  s i n c e  i t  c o l l a p s e s  
( T h i s  s a m e  behavior 
C o t i i l ~ t . t ~ h t ~ n s i \  c P o l y m e r  T e s t  P r o g r a m  
Tht. c o ~ n p r t ~ h e t i s i ~  e polynit>r tes t  progrci tn  is d e s i g n e d  to  d e t e r m i n e  
the c h a n g e s  in ~ > v r t i n e ~ i t  pi-operties of I)olyiiit.ric m a t e r i a l s  subsequen t  
to a decontar i i indt ion t rt5ntiiiratit, a t h c r m a l - v a c u u m  e x p o s u r e ,  and  d 
decontarn ina t ion  trC*dtllletlt tollowi-rl by a t h e r m a l - v a c u u m  e x p o s u r c .  
Opera t ion  P r o c e d u r e  
A. 
a c c o r d i n g  to the  t e s t s  to b t b  p e r t o r i n c d .  
s p e c i u i e n  i s  used  for  m o r e  than one t e s t  ( c .  g. , w e i g h t - l o s s  a n d  d i -  
n i ens iona l  change ) .  
sarnl’lt. c e l l  ( S C ’ C .  Figure. I )  or  laic1 flat  on a w i d e - m e s h  s c r e e n .  
i s  to  bt, noted tha t  only onc. polymeric proclrist i s  conta ined  i n  r.ach c e l l  
E a c h  s a m p l e  m a t e r i a l  i s  p r e p a r e d  in  su i t ab le  s i ze s  a n d  s h a p e s  
IVhere poss ib l e ,  a s i n g l e  
T h e  tcsst s!)t’ciintans arc’ <Lither s u s p e n d e d  in  the 
It 
B. 
b rough t  to 50° C withiti one  hour .  
T h e  s a m p l e  ccAlls a r c ’  st ,alc.d i n  p l ace  in  the oven c h a t n b e r  v;hich i s  
T h e  c.ells a r e  then  evacua ted  t o  abou t  
t o r r  and  w a t e r  ValJo1. ; i t  5oo C i s  i t i troducetl  t h r o u g h  hea ted  valvirig 
sys tc ,ms  to 1jro\ricle a r~1a t i1 . t .  huiriirlity o f  about  50%. 
agen t  ( lZ :88  fx thylcn~.  osit1t.- Frtxoii- 12, 
t h rough  a hvat  c:xchangc,r which b r i n g  i t  to 500 C and in to  thc  sani1)le ctxlls 
to pro \ - ide  a n  atinospht.1-t. of 455 I i i g / I i t e r  b:.I.Cl. 
T h e  d(*contamir ia t ing  
h la theson  Company)  i s  1)asserl 
6 
FIG. 1 VIEW OF MULTIPLE-CELL TEST UNIT SHOWING THE LOCATION OF 
SAMPLES IN THE TEST CELLS. Fi f teen sample ce l l s  ore contained in each 
of two ovens which comprise the assembly. 
7 
Afte r  a 2 8 - h r  pe r iod  of 50' C in the. humirlif ied E T 0  a t m o s p h c r e ,  
t h e  s y s t e m  i s  cooled  to  r o o m  t e i n p e r a t u r e  wi th in  one  h o u r .  Dur ing  
th i s  pe r iod ,  t h e  c e l l s  ark' evacuated  f o r  10 m i n u t e s  and  vented  t o  t h e  
a t m o s p h e r e ;  evacua t ion  and  \ent i t ig  i s  r e p r a t e d  tw ice  m o r e  to e n s u r e  
c om p 1 e t  e f 1 u sh in  g. 
Six 3 0 - h r  c y c l e s ,  a s  (1escribc.d abo\ -e ,  c o m p l e t e  t h e  decon tamina t ion  
t r e a t  m (ant. 
C. 
tamina t io i i  t r e a t m e n t  a r e  withclrawn, a n d  f r e s h  s a m p l e s  a r e  put i n  
t h e i r  p l ace  f o r  tcxsts of thcx effects of the  t h e r m a l - v a c u u m  e x p o s u r e  
only.  Othe s a m p l e s  a r e  1t.ft in placta f o r  f inal  t e s t s  of the  e f f ec t s  of 
t he  decon tamina t ion  t r e a t m e n t  followed b y  a t h e r m a l - v a c u u r n  t r e a t -  
m e n t .  
S a m p l e s  which  a r c  to  b e  tt-stc-d only f o r  t h e  e f f ec t s  of the  decon-  
D. 
a t u r e s  art> raistsd to  135'C. 
t h e r m a l - v a c u u n i  env i ron inen t  fo r  500 hours. 
t he  ovens  a r t '  cooled  to roorn te inpthra ture  arid t h e  c e l l s  a r e  vented to  
the  a tmosphe - . - (~ .  
'The c e l l s  are then  evacua ted  to  l O - ' t o r r  whi le  the  oven  t e m p e r -  
T h e  sa rnp le s  a r e  m a i n t a i n e d  in  t h i s  
At t h e  end  of t h i s  pe r iod ,  
'Tht. zanip1t.s a r e  a l l  removtld f o r  f ina l  t t s t i r ig .  
T s t P r oc e d u r  e s 
Duplicate  s a m p l e s  of I "  x 6" a r e  usvd  f o r  d i m e n s i o n a l  change ,  
change  in  weight ,  and  change  in  h a r d n e s s .  
(1 )  Diii iensional change  
T h e  d i s t a n c e  b e t w e e n  b e n c h  m a r k s  on s a m p l e s  i s  mt .dsured 
t o  within t 0.001 inch  wi th  v e r n i e r  c a l i p e r s  wi th  a n  a c c u r a c y  
c0nsiderc.d t o  be. t 0.001 inch. T h e  btbnch m a r k s  a r e  loca ted  
f rom 5 .0 -5 .5  inch<?s a p a r t .  
a s  p t ' r  c e n t  of in i t i a l  length.  
'The change  in  length  i s  e x p r e s s e d  
( 2 )  Change  i n  weight  
S a m p l e s  a r e  weighed  c i th t , r  o n  a n  a n a l y t i c a l  b a l a n c e  o r  a 
~ n i c  ro-bala: icc  as rc .c i i i i rcxd  b). tht: in i t ia l  \vt.iglit o i  t h e  s a ~ l ~ p l e .  
T h e  change  in  w(.ight i s  t , s p r e s s e d  a s  p e r c e n t  of in i t ia l  weight.  
8 
T h e  harclntass of +(-a1 i n t l  g a s h v t  n i d t t , r i a l s  i s  m e a s u r e d  
with a Shore  Dur0rric.tt.r ?yp,cs A - Z  a c c o r d i n g  to  ASI 'M 
I)Z240-64T,  u s ing  a 1 -kg  we igh t ;  re;iditigs a r e  made  wi th in  
one s t -cond df ter-  app l i ca t ion  of t h t  load.  
R e s u l t s  
M e a s u r e m e n t s  oi the  changes  in  weight ,  h a r d n e s s ,  and  din- lension 
have  b e e n  c o m p l e t e d  for the polymc.r ic  n i a t e r i a l s  w h i c h  w e r e  exposed 
to the  decon t~ i i i i n ;~ t io r i  c ' )  c l c s .  ' rh~ ,  c h i i e c t s  o i  t h i s  t r e a t m e n t  on  fi lms 
a n d  s h e e t s ,  h d r d w a r t .  ; i n c l  striic.tura1 rtiaterials, s e a l s  and  g a s k e t s ,  
and t i e  c o r d s / l a c i n g  t a p c s s  :ire s h o ~ v n  in '1ablc:s \T t o  IX. 'Thc- t e s t s  
; i r t '  n e a r  cc,rnijlt.tiur: for  c.tiaiigc.s i n  t t 'ns i le  s t r t ,ng th ,  
r l  i e 1 e: c t r i c c o n  s t ;i l i t ,  
t l locgation, 
111 i t i  i s 5 i pa t ion fa c t o . 
T h e  t h e r t n a l -  vaci iur i i  c) .cle has bccn  coinple ted  and  t e s t i n g  i s  
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' 3  i u  I . _ -  E+A 
X I  t i  c ha  nic a 1 P r o 11 e r t i e s 
Long-‘rr . r r r i  S t o r a g e  TcBsts 
,4 ‘9-iiionth e x p o s u r e  1)eriod h a s  bctan t e r m i n a t e d  fo r  s a m p l e s  
s t o r e d  at constarit  s t r a i n  in  an e n v i r o n m e n t  of 1 2 5 O  C a n d  < I O - ”  
t o r r .  
du Pon t  Viton A441 1 A - 0 9 0  (v inyl idene  f luo r ide -  hexa f luo ropropy lene ) ,  
and  Goodr i ch  I I y c a r  5 2 0 - 6 7 -  108- 1 (polyacrylic). 
d u r i n g  tht. cool ing,  vc-ntitig, and t l isasseir ibly p r o c e d u r  c‘s. F i v e  
samp1t.s r u p t u r e d  d u r i n g  o u t g a s s i n g  a t  40° C (SE- 3604 and  Viton-990 
at  niaxiniurn s t r a i n ) ,  t h re t .  s a i n p l e s  r u p t u r e d  d u r i n g  the  f i r s t  w e e k  
a t  125O C ( N y c a r - 1  at rnaxiinurn s t ra i r i ) ,  a n d  one  s a m p l e  r u p t u r e d  
a f t e r  t h c  7 t h  inonth,  
E:lastoinc.rs cxarnined a r e  G e n e r a l  E l e c t r i c  SE- 3604 ( s i l i c o n e ) ,  
No samples  r u p t u r e d  
I Iyca r -1  a t  a s t r a i n  of 50($. 
‘I’hc, long- te r i r i  c o n s t a n t - l o a d  t e s t s  of polyphenylene  oxide  films 
( G c n e r a l  I 7 l t . c . t  r i c )  i n  t h v  t hc r rna l -  \acuui-n env i ronmen t  h a v e  b e e n  
terrninati :d a f t e r  a d u r a t i o n  of 7 mon ths .  
rupturecl d u r i n g  the  t h i r d  rriunth a n d  o n e  d u r i n g  the  f i f th  m o n t h  of 
s t o r a g e ;  a l r i ,ost  nc.gligiblt. c r e e p  has  b(s(*n o b s c r v e d  fo r  t h e  r e m a i n i n g  
s amp1 tl s. 
One s p e c i m e n  a t  1750 p s i  
All of t h e  s t o r e d  I r ia te r ia l s ,  inc luding  c o n t r o l  s p e c i m e n s ,  a r e  b e i n g  
T h e  t h e r m a l - v a c u u m  equ ipmen t  h a s  b e e n  sub jec t ed  t o  I n s t r o n  t e s t ing .  
c l eaned  ctnd is  btsing ma in ta ined  t e m p o r a r i l y  a t  s t a n d - b y  vacuum.  
Six- L V e t k  Sto ravv  I c s t s  
‘r hta III 0 s t r e c c- lit t h t ’  r 11 I a1 - v a C‘UUII I  s t o r a ge p r o  g r a m  w a  s c orripl e t  ed  
o n  Scpte t i iber  26.  
b e i n g  rc*rliic ed.  
Stort,cl s i i e ’ c  i ~ n e n s  a r t .  b e i n g  t e s t e d  and  d a t a  a r e  
T h c  n e s t  p rogra t r :  \vi11 s t a r t  on  O c t o b e r  10, when r e l a x o m e t e r  arid 
M a t e r i a l s  b e i n g  s t o r a g e  a r e a  t e r n l t e r a t u r e s  w i l l  b e  b rough t  to 1250 C. 
eva lua ted  in  t h i s  p r o g r a m  a r e :  
(a )  Continuous a n d  i n t e r m i t t e n t  s t r e s s  r e l a x a t i o n  
V i t o n  A, batch 776; Viton €3, b a t c h  778 
(b) Constant  load (dupl ica te  spec i rnens  a t  500 and 650 p s i )  
T ~ f l o n  I'I.7P, 'I'ypf? A ,  20  rnil  
FUTURE: worw 
Vola t il c Conti en sab 1 t" hlat  e r ia l  
hlic ro-  VChI det  r .r ininations for p o l y i n e r  s c r e e n i n g  and  m a c r o -  VCX4 
dt ; t r , r rninat ions for  c.i!gii:et.1-ing i n fo rma t ion  wil l  be  m a d e  on  a cont inuing  
b a s i s .  
iVork wil l  cont inut ,  on the  m e a s u r e m e n t s  of s t r e s s -  r e l a x a t i o n  c h a n g e s  
for s e l e c t e d  poly i i ie rs  du r ing  a 6 - w e e k  e x p o s u r e  to  the  t h e r m a l - v a c u u m  
e n v i r o n m e n t  of 125O C and lo-'  t o r r .  
I n s t r o n  data wi l l  b e  obtained for  t he  p o l y i n e r s  which  have  unde rgone  
l o n g - t e r i n  s t o r a g e  t e s t s .  
- 
E r r a t a  
Jlonthly- I ieport  No.  2 7 ,  T a b l e  VIII: 
I Iyc.;ir- 6 at i i i t  e r tni t ter i t  i l t )  / f ( O )  
.ikualci rea:!: I .  OH (!lot I .  Y O ) .  
